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Dynamics of Ewing’s sarcoma initiation and progression 
Mathematical and statistical studies on stochastic multistage bone cancer model 
 
ABSTRACT 
 Ewing’s sarcoma(ES) is a rare children bone cancer, which 
is also known as sarcoma keratin positive. It belongs to a tumor 
family that consistently related to chromosomal translocation and 
functional fusion of the EWS gene. Most of its pathognomonic 
translocation has been found to include the ews gene on 
chromosome 22 and an ets-type gene(most commonly fli1 gene) on 
chromosome 11.We used mathematical approach to study and 
describe the process of Ewing’s sarcoma initiation and progression. 
To model the carcinogenesis process of ES, we assumed that ES is 
initiated from the small number of mutated MSC in the tissue 
compartments of bone marrow with a homogeneous MSC 
population in the given time. We also incorporated the latest 
biological research discovery that only a small number of MSCs are 
at risk of the chromosomal translocation of ews gene, which is 
responsible for homeostatic regulation of MSCs. Using 
Kolmogorov forward equations, the ES formation dynamics are 
simulated by a low-dimensional stochastic process. We expect to 
assess the impact of variation in bone growth among individuals on 
ES risk using this model.  
 
BACKGROUND 
Ewing’s sarcoma is a small malignant blue cell tumor, which is 
usually found in human bone or soft tissue, characterized by strong 
membrane expression of CD99. The most common affected areas 
include the pelvis, the femur, the humerus, the ribs and clavicle 
(collar bone). Past research has shown that Ewing’s sarcoma can 
occur any time during childhood and younger stage of adulthood 
(10~20 years old). But the incidence peak of this cancer is noted to 
be happening during the puberty, when the bone is experiencing 
rapid growth and differentiation. 
Approximately 80% to 90% of Ewing’s sarcoma family of tumors 
is consistently characterized by chromosomal translocation, which 
generates ews/fil1 rearrangements variation in breakpoint exon 
combination. Among 5% of the tumors, ews is found to fused to erg 
gene.  These chromosomal translocation and functional fusion of 
the ews gene to structurally related transcription factor genes 
produces novel transcription factor-like chimeric proteins, which 
contains the amino-terminal domain of ews fused to the nucleic 
acid-binding domain of the transcription partner. Sequentially, 
these chimeric proteins results in aberrant regulation of gene 
expression and alter critical control of cell proliferation and 
differentiation. Such poor differentiation generates small, round-
cell tumors and contribute to the ultimate emergence of ES.   
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OBJECTIVE 
The purpose of this project is to develop a mechanistic cancer 
initiation model that explains the observed incidence of Ewing’s 
Sarcoma (ES). The study on ES incidence model will lead to 
insights about the timing of mutation accumulation during bone 
growth, as well as the cell of origin of osteosarcomas.  We expect 
that we will be able to assess the impact of variation in bone 
growth among individuals on ES risk using this model. 
METHODS 
 Biological and Clinical Data Analysis 
1.  The MSC cell population increases till the age of 20 and decreases after it. 
Increasing age has quadratic shape of population size. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Picture Source: Stolzing, A, E Jones, D McGonagle, and A Scutt. 2008.  
 
2. The percentage non-senescent cell is the highest in young population(age 
range from 7 to 18 years old) and lowest within old population (over 40 years 
old). Increasing age has decreasing percentage of non-senescent cells. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Picture Source: Stolzing, A, E Jones, D McGonagle, and A Scutt. 2008.  
 
3. The incidence peak of ES occurred before the age of 20. 
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 Computer Simulation of Cell Population Variation 
 The stochastic multi-type birth and death process was used to study different 
effects of cell differentiation and mutation rate according to both 
chronological age of the cell and physiological age of the patients. 
 
 
 
 
Wikipedia: simple birth and death process 
 
 Mathematical Model Derivation 
 The preliminary model for ES was refined by extending an existing 
multistage carcinogenesis model used by Luebeck and Moolgavkar to 
incorporate the impact of bone growth during puberty.   
 
 
 
 
 
Result and Discussion 
Model simulation study 
  The number of non-senescent cells, being the product of the 
percentage of non-senescent cells and the total population of 
MSC, will be use as a parameter in the prediction function. 
  Non-senescent cells are, by our definition here, the MSC that 
have population cumulative doublings less than 20 times 
(PD<20) 
  Senescent cells are the MSC that have PD larger or equal to 20. 
(PD>=20) 
 
  Malignant cells are the ES cancer cells of interest that carry the 
driver mutation, which is assumed to be ews/fli1 chromosomal 
translocation. 
  All types of cells in the simulation follow the stochastic birth and 
death process with different birth rate, death rate and mutation 
likelihood. 
  Simple stochastic birth and death process is shown below with 
birth rate 0.01 and death rate 0.008. Please note that there are 
chances when the simulated cells go extinct at the beginning of 
the process, which are not shown by graph. This process is the 
simulation of bone compartment variation (MSC population) 
change. 
  Multi-type stochastic birth and death process with cancer cells 
with healthy cell birth rate as a function of inverse of total time 
 
Chronological age effects on MSC Growth Rate  
§  Mesenchymal Stem Cell (MSC) growth rate is inversely proportional  to the 
donor age. 
§  The cell population doubling number has a linear relationship with the time 
in weeks on a log scale. 
§  The grow rate of MSCs (lamda) is measured by the slope of doubling over 
weeks for the cell samples from each age group of interest. 
Multi-type birth and death process with fixed parameters(i.e., birth rate 
and death rate) 
￼ 
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•  The growth rate lamda, as a function of birth and death rate, have been found to have 
inversely proportional relationship with the age of the donor. Its decreasing capacity 
of increasing population size is potentially due to the fact that the percentage of senescent 
is increasing with age. 
We will continue work on the mathematical model construction and parameter estimation 
 based on our simulation results and apply our prediction model on real-life clinical data 
 of Ewing’s sarcoma in the coming future. 
 
 
  
Picture Source: Stolzing, A, E Jones, D McGonagle, and A Scutt. 2008.  
Data Source: Stolzing, A, E Jones, D McGonagle, and A Scutt. 2008.  
